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ABSTRACT 
This study overviews electromagnetic field (EMF) health impacts based on highly 
cited biomedical articles.  It identifies health impacts resulting from exposure to 
EMF.  A comprehensive query retrieved much of the relevant literature describing 
EMF health impacts, with strong emphasis on the mid and lower frequency non-
ionizing (radio/microwave and power frequencies) portion of the electromagnetic 
spectrum.  This retrieved literature was clustered algorithmically into sixteen 
biomedical sub-themes (assigned by the author).  The highly cited papers and 
references in the thirteen most relevant of these sub-themes were analyzed, 
allowing the literature to be viewed through the filter of the most credible science. 
Two of the thirteen relevant clusters addressed the use of EMF for therapeutic 
purposes: alleviating joint pain and accelerating healing of bone fractures, with 
some applications to treating carcinomas (e.g., hyperthermia).  All the highly cited 
papers in these two clusters showed positive results, with varying degrees of the 
level of impact.  The treatments tended to be relatively short exposures of EMF 
over relatively short periods of time. 
The remaining eleven relevant clusters were divided into two main groups: (1) 
basic science research on the interaction of biological systems and organisms with 
EMF radiation; (2) epidemiological studies, focused mainly on population effects 
of occupational, residential, and mobile communications exposures to EMF.  In 
group (1), broad agreement among the highly cited papers occurred in the 
following clusters: EMF interference with medical devices; cell phone neurological 
impacts; EMF-induced fields/currents in organisms; EMF impacts on calcium 
dynamics; gene expression/(heat shock protein) HSP induction of cells exposed to 
EMF; exposure of EMF on rat melatonin/oxidation/brain function; microwave 
radiation effects on proteins/cells/tissues, and sharp disagreements among the 
highly cited papers occurred in the following clusters:  DNA/immune damage from 
cell exposure to EMF; cancer/embryo developmental effects on mice exposed to 
EMF.  
Group (2) included: cancer risks from EMF exposure; health risks from magnetic 
field exposure.  For 'cancer risks from EMF exposure', the results are mixed.  
However, there appears to be more agreement that a) occupational exposures to 
EMF are associated with increased cancer risk than b) mobile phones are 
associated with increased cancer risk.  Within the mobile phone literature, a 
statement from Kundi et al (2004) appears to reflect many (not all) from the broad 
range of results: there is evidence for enhanced cancer risk with increasing latency 
and duration of mobile phone use. 
For 'health risks from magnetic field exposure', the focus of the highly cited papers 
tended to be on associations of childhood cancers (mainly leukemia) with magnetic 
field exposures.  The results are mixed, ranging from no statistically significant 




The electromagnetic radiation spectrum ranges from gamma rays (short 
wavelengths ~10^-13 meters and high frequencies ~10^21 Hz) to radio waves 
(long wavelengths ~10^2 meters and mid frequencies ~10^6 Hz) to the frequencies 
associated with commercial and residential power (very long wavelengths ~10^6 
meters and very low frequencies~60Hz).  Cell phone and wireless internet 
transmissions are in the RF (radio-frequency) range on the order of 10^6 Hz, while 
power frequencies in the 60 Hz range are typically referred to as Extremely Low 
Frequency (ELF).    
Modern technology has introduced electromagnetic fields (EMF) with frequency 
signatures unfamiliar to the planet's organisms.  Where once sunlight and its lunar 
reflections provided the bulk of the visible spectrum (with fire and lightening a 
distant second), now, many varieties of artificial light have complemented or 
replaced the sun as the main supplier.  Additionally, EMF from other parts of the 
spectrum have become ubiquitous in daily life.  In the last two or three decades, 
health concerns have been raised about EMF exposure from 1) mobile 
communication devices, 2)  occupations, 3) residences, and 4) all other 
transmission sources. 
The effects of electromagnetic fields on health range from therapeutic (e.g., "ELF-
EMF modulates chemokine production and keratinocyte growth through inhibition 
of the NF-kappa B signalling pathway and thus may inhibit inflammatory 
processes. ELF-EMF could represent an additional therapeutic approach in the 
treatment of skin injury." (Vianale et al, 2008) or "ELF-EMF could augment the 
cell apoptosis effects of low doses of [radiotherapeutic] X-ray irradiation on [liver 
cancer cell line] BEL-7402 cells in a synergistic and cumulative way" (Wen et al, 
2009)) to potentially harmful (e.g., "Extremely Low Frequency-Magnetic Fields 
(ELF-MF) are possible carcinogens to humans and some data suggest that they can 
act as promoters or progressors." (Gobba et al, 2009) or "Our study provides some 
evidence for the first time that MF exposure may have an adverse effect on sperm 
quality." (Li et al, 2010)).   
Compounding the complexity of the problem further are the intrinsic limitations in 
the fundamental data.  There are two main sources of data supporting the above 
arguments, and a number of additional sources.   
a. Lab Experiments 
One major source of data is isolated lab experiments on seemingly uniform 
biological systems, where only one or a very few parameters are varied.  Even 
under these controlled conditions, output variation can have much wider spreads 
than in physical systems: (1) Individuals or groups in a population, which would 
usually be regarded as uniform, may react to EMF exposure in rather different or 
even opposite ways; (2) There seem to exist unknown and uncontrolled factors that 
determine the EMF sensitivity of a specimen or a population; e.g., irradiation could 
increase antibiotic resistivity in one experiment and decrease it in the other; (3) 
Even robust EMF effects may be well reproducible for a limited time and then 
disappear; (4) EMF effects could often be revealed only in subjects that are 
experiencing some deviation from the 'normal' state; (5) Increased sensitivity and 
even hypersensitivity of individual specimens to EMF exposure may be real 
(Pakhomov et al, 1998).   
Even where laboratory uncertainties are relatively low, the question arises whether 
these lab results can be extrapolated to real world conditions in human beings, who 
are exposed to multiple forms of radiation with potential combined effects (e.g., 
"adverse effects of gamma-rays on cellular functions are strengthened by EMF" 
(Cao et al, 2009)), multiple drugs and pollutants, and other potentially damaging 
influences whose cumulative effects could be synergistic.  As Verschaeve and 
Maes (1998) state in their review article on genetic, carcinogenic and teratogenic 
effects of radiofrequency fields: "we believe that synergistic investigations deserve 
special attention. Indeed, people are exposed to many different influences, and 
theoretically it may well be that a RF-exposure alone is ineffective whereas this 
exposure might enhance the mutagenicity, carcinogenicity or teratogenicity of 
chemical or physical factors".  They provide the example of a synergistic effect 
from RF exposure preceding the mutagen mitomycin C in an investigation of 954-
MHz waves emitted by the antenna of a GSM base station. 
These EMF combined effects may go in multiple directions.  As Whissel and 
Persinger (2007) state, in addressing the possibility of weak EMF as an enhancer 
of drug therapy: "Very weak (microT range) physiologically-patterned magnetic 
fields synergistically interact with drugs to strongly potentiate effects that have 
classically involved opiate, cholinergic, dopaminergic, serotonergic, and nitric 
oxide pathways. The combinations of the appropriately patterned magnetic fields 
and specific drugs can evoke changes that are several times larger than those 
evoked by the drugs alone."  Additionally, as reflected in the provocative article 
titled "Do electromagnetic fields enhance the effects of environmental 
carcinogens?" (Juutilainen, 2008) and in a preceding article (Juutilainen et al, 
2006), the EMF synergy could go in the opposite direction: "ELF MFs have been 
reported to enhance the effects of known carcinogenic or mutagenic agents in a 
few animal studies and in several in vitro studies.....The majority of in vitro studies 
have reported positive findings.....Animal studies designed according to the 
classical initiation-promotion concept may not be sufficient for studying the co-
carcinogenic effects of MFs, and further studies using novel study designs would 
be useful". 
There may even be a further complicating factor relative to synergistic effects.  
Most of these papers address combinations, but not their sequencing.  For example, 
a paper published in Radiobiologia (Tikhonchuk, 1987) shows the critical 
importance of sequencing on the synergistic effect of microwave and gamma-ray 
radiation: "Structural and functional changes in the central nervous system were 
shown to be the same with both microwave and ionizing radiation having different 
mechanism of action. When the two types of radiation were delivered in a 
combination the sequence of delivery was of a significant importance. Antagonism 
of the effects was noted when microwave radiation was delivered prior to gamma-
radiation. The effect was synergistic when the exposure to microwaves followed 
gamma-irradiation." 
b. Epidemiological Studies 
The other major type is epidemiological studies, which approach the problem from 
the other end of the parameter spectrum.  Here, highly integrated data are taken.  
They contain the influence of many different types of parameters, genetic make-
ups, and sequencing, only a very few of which may be taken into account.  Thus, 
what appears as a subtle effect over a large number of heterogeneous people may 
be a significant identifiable effect on a much smaller more homogeneous group if 
the effects of all the operational parameters and their sequencing were taken into 
account. 
Given the importance of EMF in global daily life, one would think its potential 
health consequences would have received substantial scrutiny.  That is not the 
case.  There are many gaps in the published literature, and there are many studies 
that arrive at completely divergent conclusions.  I have performed many text 
mining studies of different research disciplines and technologies over the past two 
decades.  The literature on EMF health impacts is not that large relative to some of 
these previous studies, and the modest number of citations of its most highly cited 
articles (compared to some of the previous studies) reflects the modest number of 
people involved in researching EMF's health effects.  There is a major disconnect 
between the importance of the EMF health impacts problem and the magnitude of 
the EMF health impacts research effort and its associated published literature! 
The purpose of the present study is to gain/provide more insight on the broader 
health impacts of EMF.  Text mining will be used to retrieve the relevant published 
literature, and then extract important information from this literature by a) filtering 
out the most credible data in this literature and b) identifying critical patterns in the 
filtered data.  The next section provides some background material on text mining 
and EMF reviews, and is then followed by the approach, results, and conclusions.  
Additional background material on EMF is an intrinsic part of the study. 
  
BACKGROUND 
a. Text Mining 
Text mining is the extraction of useful information from large volumes of text.  Its 
central capability of computational linguistics was the main analytical technique 
used in the present study.  Computational linguistics (Hearst, 1999; Losiewicz et 
al, 2000) identifies the main technical/medical themes of the database(s) being 
examined as well as the relationships among these themes.  It has been used for a 
number of purposes including: enhancing information retrieval and increasing 
awareness of the global technical literature (Kostoff et al, 1997, 2000; Greengrass, 
1997); discovery and innovation based on merging common linkages among very 
disparate literatures (Swanson, 1986; Kostoff, 2008); and uncovering unexpected 
asymmetries in the technical literature (Goldman et al, 1999; Kostoff, 2003). 
A typical text mining study of the published literature involves the development of 
a query for comprehensive information retrieval, an analysis of the database using 
computational linguistics, and an integration of the processed information.   
b. EMF Impacts 
A more integrated picture of EMF health impacts has been drawn in the last 
decade, so this short section will summarize some recent EMF health impact 
reviews.  The core of the present study presents a more detailed exposition of the 
EMF background. 
While EMF health impact studies have covered the full EMF spectrum, most 
efforts have concentrated on the radiofrequency, power frequency, and pulsed  
segments, especially cell phones (and to a lesser degree WiFi) for the former.  
Recent RF reviews include: effects on the human nervous system (van Rongen et 
al, 2009), (Westerman and Hocking, 2004), (Hossmann and Hermann, 2003); 
neurological, behavioral, and carcinogenic effects (Habash et al, 2009), (Krewski 
et al, 2007), (Kaprana et al, 2008); brain activity (Valentini et al, 2007); mobile 
phone relationships to cancer (Kundi et al, 2004), (Toyran, 2008), (Moulder et al, 
2005) (Khurana et al, 2009), (Colonna, 2005); blood-brain barrier effects (Stam, 
2010); reproductive system effects (Desai et al, 2009); and genetic damage 
(Verschaeve, 2009), (Vijayalaxmi and Prihoda, 2008).  Power frequency reviews 
include: effects on avian reproduction (Fernie and Reynolds, 2005); relation to 
cancer (Kheifets et al, 2010); cellular effects (Santini et al, 2009); DNA effects 
(Blank, 2008); and blood-brain barrier effects (Nittby et al, 2008).  Broad spectrum 
reviews include: brain activity effects (Carrubba and Marino, 2008); cellular 
effects (Funk and Monsees, 2006), (Kovacic and Somanathan, 2010); and 
embryonic morphogenesis (Levin, 2003).  Overall, there tends to be general 
agreement that biological effects occur from EMFs, but there is a major split on 
whether that translates to health effects.  
Pulsed EMF reviews include: arthritis therapy (Ganesan et al, 2009), (Fini et al, 
2005); fracture healing (Einhorn, 1995), (Goldstein et al, 2010); wound healing 
(Cho, 2002); and drug delivery (Kaneda, 2010).  Most reviews see a positive role 






METHODS AND MATERIALS 
The goal of this study is to identify the global literature relevant to assessing EMF 
impacts on health, and then to highlight and integrate the most credible elements of 
this literature.  The approach used is to select the most credible global databases of 
research articles, develop a query that will retrieve the relevant global literature 
comprehensively, identify the key biomedical thrusts in the global literature, and 
then identify objectively the most credible studies within each thrust as judged by 
the broader biomedical community.  These four approach components are now 
described in more detail. 
Select Global Databases 
The two premier biomedical research article databases are the Web of Science 
(WOS-Science Citation Index/Social Science Citation Index/Arts and Humanities 
Citation Index-SCI/SSCI/A&HCI) and Medline.  Each has its unique strengths.  
WOS has the capability for citation linkages, while Medline has the unique MeSH 
taxonomy/keyword structure.  Both were used in this study.  The strengths of 
MeSH were used in query development, and the citation capability of WOS was 
used to identify highly cited records. 
Develop Retrieval Query 
The first step in query development is to define the scope of the study topic.  The 
scope selected was health impacts of EMF directly interacting with organisms, 
with emphasis on assessing positive and negative effects from cell phones, 
overhead power lines, home wiring, transmission stations, occupational exposures, 
etc.   An iterative relevance feedback technique (Kostoff et al, 1997) was used to 
develop the query.  An initial test query, "EMF or electromagnetic field*", was 
inserted into Medline; records were retrieved and text patterns extracted; the query 
was then modified with some of these relevant text patterns, and the process was 
repeated until convergence (relatively few new relevant articles retrieved).  
Articles retrieved during the query development process were continually sampled 
for relevance.  The final Abstract phrase patterns from Medline were inserted into 
the WOS, and are shown as the query in Appendix 1.  The retrieval was further 
filtered by WOS Subject Area to biomedical topics, and filtered even further by 
journal theme.  
Identify Key Biomedical Thrusts 
The retrieved records were inserted into the text mining software package Vantage 
Point (VP) (Search, 2010) and into the CLUTO document clustering software 
package (Karypis, 2009).  The packages were coupled to provide citations as a 
function of cluster (group).  Text mining was performed on each group, to identify 
the key biomedical phrases representative of the group and the titles of papers in 
the group.  Based on reading the titles and phrases, and reading of many paper 
Abstracts in the group as well, the theme of each group was identified. 
Identifying the Most Credible Biomedical Thrust Elements 
This is the key analytic step.  It is based on the assumption that the most 
scientifically credible papers in the group are those that receive the most positive 
citations.  Exceptions are always possible.  An outstanding paper may have 
received little recognition from the larger community, or may have been 
sufficiently controversial that it never passed the peer-review process for 
publication.  Or, a poor paper received substantial references, but they tended to 
focus on its inadequacies.   
The most highly cited documents were identified two ways.  First, the citations 
(references) in the retrieved papers in each cluster were examined, and the most 
highly cited that were relevant to the health effects theme of the cluster were 
extracted and analyzed.  Their conclusions were summarized.  Highly cited 
methodology papers and other general topical subjects were, for the most part, not 
included.  Second, the retrieved papers in each cluster were examined themselves 
for times cited, and the most highly cited that were relevant to the health effects 
theme of the cluster were also extracted and analyzed.  Any duplications between 
the two groups of highly cited documents from the same cluster were eliminated. 
  
ANALYSIS AND RESULTS 
There were 6614 records imported into VP, and 6053 records imported into 
CLUTO (only those with Abstracts).  A hierarchical taxonomy (of biomedical 
themes) was generated with sixteen leaf (lowest level) clusters.  This translates to 
an average of about 380 records per cluster, and represents a balance between 
output volume and resolution. 
 
FIGURE 1 - TAXONOMY OF BIOMEDICAL THRUSTS IN EMF HEALTH 
EFFECTS LITERATURE 












CL9: EMF treatment of medical conditions 
(495) 
CL1: EMF interference with medical devices 
(137) 
CL15: Cell phone neurological impacts (630) 






CL3: Cancer risks from EMF exposure (446) 
















CL13: EMF-induced fields/currents in 
organisms (402) 
CL14: EMF impacts on calcium dynamics 
(571) 
CL2: Pulsed EMF for bone/fracture healing 
(324) 
CL4: Gene expression/hsp induction of cells 
exposed to EMF (263) 
CL10: DNA/immune damage from cell 
exposure to EMF (511) 
CL7: Cancer/embryo development effects on 
mice exposed to EMF (315) 
CL12: EMF exposure of animals 
melatonin/oxidation/brain function (452) 
 
The highest and lowest levels in the taxonomy (Figure 1) will now be described.  
The cluster numbers and order displayed in Figure 1 are those taken from the 
CLUTO output.  The two categories in the highest level will be summarized in 
narrative form.  Then, the categories (clusters) in the lowest level will be presented 
and discussed under the appropriate highest level category.   
At the highest taxonomy level (Level 1 on Figure 1), the retrieved records were 
divided into two categories, labeled by the computer as Cluster 28 and Cluster 29.  
Cluster 28 contained 2284 records, was focused on various types of risks and 
diseases (and benefits) potentially resulting from EMF exposure, and, relatively 
speaking, could be viewed as impact at the macro level.  Cluster 29 contained 3769 
records, was focused on EMF interactions with organisms at the laboratory level, 
and could be viewed as impact at the micro level. 
The lowest taxonomy level (Level 3 on Figure 1) contained, broadly speaking, 
three types of thrust areas.  One type was use of EMF to treat medical conditions, 
concentrated in Clusters 2 and 9.  The second type, the main focus of the present 
study, was potentially adverse (and positive) effects from EMF exposure, and the 
records were concentrated in eleven of the clusters.   
The third type contained articles where EMF was mentioned in conjunction with 
diseases or injuries, but in a different sense from the main topic of this study.  The 
three clusters in this class are highlighted in grey.  Cluster 1 dealt with the use of 
cell phones while driving, and the damage that could result.  Cluster 6 dealt with 
the use of microwaves to enhance reactions and biological synthesis, and Cluster 5 
dealt with the use of microwave fixation to enhance immuno-staining.  These three 
clusters will not be addressed further. 
In addition, there were sub-sets of some clusters that were not relevant to the topic.  







CL11: Microwave radiation effects on 
proteins/cells/tissues (399) 
CL6: Microwave-enhanced compounds and 
reactions (254) 
CL5: Microwave radiation for fixation to 
assist immunostaining (278) 
communications for telemedicine and patient monitoring; this was deemed not 
relevant to the study, although it certainly is an important application.  These non-
relevant categories or sub-categories will be identified in the analysis section. 
The output format for each of the lowest level clusters is as follows. 
The first line is the cluster number (assigned by the computer clustering 
algorithm), followed by the number of records (within the cluster) in parenthesis.  
Thus, in the first of the lowest level clusters presented, the cluster number is 9, and 
the number of records in the cluster is 495.  The next line is a short summary 
statement of the cluster theme.   
These are followed by key excerpts from highly cited references (the most highly 
cited references in the papers that were imported into Vantage Point) and highly 
cited papers (the most highly cited of the papers that were imported into CLUTO), 
and an overall summary of their message.   
 
I.  CL28: EMF impacts at patient/clinical level (2284) 
 Ia. CL26: EMF treatments; cell phone device interference, driving 
distractions (1375) 
Cluster 9 (495) 
Theme: 1) Use of electromagnetic fields for treatment of medical conditions, 
including pain, neurological disorders, and carcinomas. 2) Also, use of mobile 
communication devices in telemedicine and patient monitoring (not relevant to 
main topic of study). 
Highly Cited Documents 
The papers with the most citations in this cluster focused on the value of mobile 
communications for telemedicine and patient monitoring, were deemed outside the 
main scope of this study, and were not included in the analysis.  The most highly 
cited relevant papers showed the value of EMF technology for guiding invasive 
instruments and eliminating small carcinomas.  The most cited references were 
relevant to the topic, and showed the value of pulsed EMF for alleviating joint 
pain. 
These highly cited documents emphasize the positive benefits possible from using 
EMF-based techniques.  It should be noted that the EMF applications reflect short-
term and/or short-pulsed applications.  The highly-cited references emphasize pain 
reduction: pulsed electromagnetic fields [PEMF] for therapeutic benefit in painful 
osteoarthritis of the knee or cervical spine (Trock et al, 1993, 1994); the highly 
cited papers reflect imaging and coagulation: Real-time electromagnetic 
positioning technology coupled with previously acquired CT images augments 
standard bronchoscopy in reaching peripheral lung lesions and performing biopsies 
(Schwarz et al, 2003); percutaneous microwave coagulation therapy (PMCT) for 
complete remission of small hepatocellular carcinoma (Ohmoto et al, 1999). 
   
Cluster 1 (137) 
Theme: Electromagnetic interference of medical devices (especially implantable 
pacemakers and cardiac defibrillators) by electronic devices (especially cell 
phones) 
Highly Cited Documents 
The highly cited references cover cell phones, examining many different varieties.  
They indicate that if the cell phones are kept at a reasonable distance from the 
implant, they will not cause interference.  The highly cited papers cover other 
devices as well.  For the other devices, such as acousto-magnetic systems, there 
could be interference problems, depending on frequency and intensity of signal.  It 
should be cautioned that the technologies reflect those of a decade ago, and some 
of the numbers may have changed due to improved shielding. 
Highly-cited references provide guidelines for eliminating interference problems 
with implants, as do the highly cited papers, based on now decade-old technology: 
guidelines for distance between hand held phones/ portables from pacemakers 
(Irnich et al, 1996); guidelines for electromagnetic interference detection from 
remote distances and direct contact of phone antenna to skin (Barbaro et al, 1995); 
guidelines for cellular telephone placement for non-interference with pacemakers  
(Hayes et al, 1997); guidelines for safe proximity between pacemakers and 
loudspeakers, acoustomagnetic systems, MRI, and cellular phones  (Glikson and 
Friedman, 2001); warning patients with pacemakers about being in close proximity 
to acoustomagnetic systems (McIvor et al, 1998). 
 
Cluster 15 (630) 
Theme: Mobile phone impacts on health, especially neurological effects. 
Highly Cited Documents 
While most documents concluded that EMF decreased reaction times and 
promoted sleep, one highly cited reference noted an increase in suicides with 
exposure (Perry et al, 1981).  Other highly cited references showed:    REM 
suppressive effect with reduction of duration and percentage of REM sleep (Mann 
and Roschke, 1996); "pulsed high-frequency EMF in the range of radiotelephones 
may promote sleep and modify the sleep EEG." (Borberly et al, 1999); at 915 
MHz, choice reaction time decreased (increase in speed) (Preece et al. 1999); 
"exposure to the electromagnetic field emitted by cellular telephones may have a 
facilitatory effect on brain functioning, especially in tasks requiring attention and 
manipulation of information in working memory" (Koivisto et al, 2000).  
 
 Ib. CL22: EMF exposures; cancer risks, other health risks (909) 
Cluster 3 (446) 
Theme: Cancer risks, emphasizing occupational and environmental 
electromagnetic field exposures 
Highly Cited Documents 
This is an important cluster relative to the theme of this study, and a larger number 
of highly cited documents have been included.  While the results are mixed, there 
appears to be more agreement that 1) occupational exposures to EMF are 
associated with increased cancer risk than 2) mobile phones are associated with 
increased cancer risk.  Within the mobile phone literature, a quote from Kundi et al 
(2004) appears to reflect many (not all) from the broad range of results: there is 
evidence for enhanced cancer risk with increasing latency and duration of mobile 
phone use. 
The highly cited epidemiology studies that reached the conclusion of higher risk 
for occupational exposure included: higher leukemia risk for workers who had 
more than the median cumulative exposure to magnetic fields (Theriault et al, 
1994); higher brain tumor incidence for men employed in electricity-related 
occupations (Lin et al, 1985); modest elevation of brain cancer mortality in relation 
to duration of work in exposed jobs and much more strongly associated with 
magnetic field exposure indices (Savitz and Loomis, 1995); leukemia and the non-
Hodgkin's lymphomas show increased proportionate mortality ratios (PMRs) in 
workers employed in occupations with intuitive exposures to electromagnetic 
fields (Milham, 1985); finally, it was proposed that increasing use of electricity for 
night lighting contributes to the rising risk of breast cancer globally (Stevens, 
1987). 
The highly cited epidemiology studies that reached the conclusion of higher risk 
for mobile phone exposure included: increased risk of acoustic neuroma associated 
with mobile phone use of at least 10 years' duration (Lonn et al, 2004); increased 
risk for brain tumour in the anatomical area close to the use of a cellular telephone 
(Hardell et al, 1999); evidence for enhanced cancer risk with increasing latency 
and duration of mobile phone use (Kundi et al, 2004). 
Studies that find no association for mobile phones include: data do not support the 
hypothesis that the recent use of hand-held cellular telephones causes brain tumors 
(Inskip et al, 2001); data do not support the hypothesis of an association between 
use of mobile telephones and tumors of the brain or salivary gland, leukemia, or 
other cancers (Johansen et al, 2001); studies of cell phone use and power frequency 
electromagnetic fields have found little to support a causal connection with brain 
tumors (Wrensch et al, 2002). 
Since latencies may be important (especially for cancer causation), but are 
unknown in the absence of long-term laboratory results or epidemiology results, 
long-term surveys may be required.  Many studies did not have a sufficient long-
term cohort to identify the emergence of long-term problems.  Cell phone use has 
been around for decades, but major expansion has taken place in the last decade. 
One problem with the use of highly cited references or highly cited papers is that 
there may be a substantial lag period, and in the case of cell phones would not have 
occurred at a time when large cohorts of long-term cell phone users were available 
for survey purposes.   
A few papers on cell phone epidemiology studies published in 2008-2009 and cited 
highly relative to their contemporaries were examined to gather more long-term 
cohort user data.  As shown below, there was almost general agreement that either 
risk was increased for brain tumors after ~ten year exposure from continual use 
(for those who had taken such long-term data) or there could be such increased risk 
for long-term exposure (for those who were aware of such data).  However, one 
five-country study focused on meningioma only, and did not see an association 
with long term cell phone use.  This latter study does not conflict with other recent 
results on brain tumors; the largest long-term effects tend to be related to gliomas 
and acoustic neuromas, rather than meningiomas.  Finally, one study examined 
parotid gland tumors, and saw increased association with ipsilateral (same side) 
heavy cell phone use. 
An evaluation of  long-term use of mobile phones and the risk for brain tumors in 
case-control studies published so far showed a consistent pattern of an association 
between mobile phone use and ipsilateral glioma and acoustic neuroma using 
greater than ten year latency period (Hardell et al, 2008).  A recommendation for 
more stringent EMF exposure guidelines concluded that new guidelines were 
warranted, since use of mobile phones is associated with an increased risk for brain 
tumor after 10 years (Hardell and Sage, 2008); a meta-analysis of 33 epidemiologic 
studies in the peer-reviewed literature concluded that there may be an increased 
risk of brain tumors, but its magnitude cannot be assessed at present because of 
insufficient information on long-term use (Kundi, 2009); a review of RF exposure 
from mobile phone use and tumor risk concluded that the studies published to date 
do not demonstrate an increased risk within approximately 10 years of use for 
brain or head tumor, but for slow-growing tumors, the absence of association is 
less conclusive because the observation period has been too short (Ahlbom et al, 
2009); an international study concluded that the results do not provide support for 
an association between mobile phone use and risk of meningioma (Lahkola et al, 
2008); a nationwide study of the association between cellular phone use and 
development of parotid gland tumors (PGTs) suggested an association between 
cellular phone use and PGTs. (Sadetzki et al, 2008). 
 
Cluster 8 (463) 
Theme: Magnetic field exposures; potential health risks. 
Highly Cited Documents 
This is another important cluster, and more highly cited documents have been 
included  The focus of the highly cited papers tended to be on associations of 
childhood cancers (mainly leukemia) with magnetic field exposures.  The results 
are mixed, ranging from no statistically significant associations to significant 
associations with relatively high magnetic field exposures.  All the papers deal 
with power frequency magnetic fields. 
The initial cancer-power frequency EMF association study concluded that an 
excess of electrical wiring configurations suggestive of high current-flow was 
noted near the homes of children who developed cancer (Wertheimer and Leeper, 
1979).  Another case-control study for childhood cancers concluded that magnetic 
fields under low power use conditions had a modest association with cancer 
incidence; a cutoff score of 2.0 milligauss resulted in an odds ratio of 1.4 for total 
cancers and somewhat larger odds ratios (ORs) for leukemias (OR = 1.9), 
lymphomas (OR = 2.2), and soft tissue sarcomas (OR = 3.3) (Savitz et al, 1988); A 
study of tumor cases reported in the county of Stockholm for individuals 0-18 
years of age concluded that magnetic fields of 0.3 microT or more were found 
twice as frequently among cases as among controls (Tomenius, 1986); The relation 
between exposure to electric and magnetic fields in the home and risk of leukemia 
showed an association between childhood leukemia risk and wiring configuration 
(London et al, 1993); A case-control study of high voltage power lines concluded 
the estimated relative risk for childhood leukemia was 2.7 for 0.2 microT and over, 
and 3.8 for 0.3 microT (Feychting and Ahlbom, 1993); Another study estimated 
the U.S. population attributable fraction of childhood leukemia associated with 
residential exposure is 3%, and suggested that appreciable magnetic field effects 
may be concentrated among relatively high and uncommon exposures (Greenland 
et al, 2000); A study using instrumented pregnant women showed that daily 
prenatal short-time peak magnetic field exposures above a 16mg threshold resulted 
in significantly increased risk of miscarriage (Li et al, 2002). 
Highly cited documents showing no associations include: "little evidence that 
living in homes characterized by high measured time-weighted average magnetic-
field levels or by the highest wire-code category increases the risk of ALL [acute 
lymphoblastic leukemia] in children." (Linet et al, 1997); "no evidence that 
exposure to magnetic fields associated with the electricity supply in the UK 
increases risks for childhood leukaemia, cancers of the central nervous system, or 
any other childhood cancer." (Skinner et al, 2002); "results provide little support 
for a relation between power-frequency EMF exposure and risk of childhood 
leukemia." (McBride et al. 1999). 
 
II. CL29: EMF impacts at laboratory research/cellular level (3769) 
 IIa. CL27: Laboratory research on impacts of magnetic field exposures, 
especially at cellular levels (2838) 
Cluster 13 (402) 
Theme: EMF-induced fields and currents in humans 
Highly Cited Documents 
The most cited references in this cluster are more along the lines of handbooks and 
methodology articles.  The first is a series of guidelines for limiting exposure to 
time-varying electric, magnetic, and electromagnetic fields, and includes modeling 
issues (Ahlbom et al/ICNIRP, 1998).  The next three articles were published in the 
same journal issue, and contain survey and original material on dielectric 
properties of biological tissues (Gabriel et al, 1996a; 1996b, 1996c).  The next 
highly cited reference (Yee, 1966) presents a numerical technique for solving 
Maxwell's equations (which relate the E-field time derivative to the H-field space 
derivative), and these equations are necessary to model EMF propagation and 
interactions.  The final highly cited reference describes a method to calculate 
power deposition in biological bodies subjected to time varying magnetic fields 
(Orcutt and Gandhi, 1988). 
The most highly cited papers in this cluster relate scalp potentials (using whole-
head magnetoencephalography) to semantic context of sentences (Halgren et al, 
2002), model how fish use self-generated electric fields to probe their environment 
and increase their ability to detect sensory stimuli (Chacron et al, 2001), and 
describe a method to calculate the ultimate intrinsic signal-to-noise ratio (SNR) in 
a magnetic resonance experiment for a point inside an arbitrarily shaped object 
(Ocali and Atalar, 1998). 
 
Cluster 14 (571) 
Theme: Magnetic field impacts on calcium dynamics 
Highly Cited Documents 
Many of the articles in this cluster examined the dynamics of calcium ions in 
magnetic fields.  From a broader perspective, when one considers the different 
biological ions available (with their different masses and different charge-to-mass 
ratios), the different types of external electromagnetic fields that may be super-
positioned (with their different frequencies, intensities, orientations, and pulse 
shapes), and the different constraints imposed on the motion of these ions by the 
properties of the surrounding biological materials, many types of synergies or 
antagonisms could be operable.  These field-ion combinations could result in 
multiple types of resonances appearing simultaneously. 
Liboff described ion-cyclotron resonance (Liboff, 1985), where magnetic fields 
alter the mobility of specific ions near the receptor sites. Following along those 
lines, Lednev offered the ion parametric resonance (IPR) theory (Lednev, 1991), in 
which the ion in the binding site is a charged harmonic oscillator. When the 
frequency of the alternating field is equal to the cyclotron frequency of this ion or 
to some of its harmonics or sub-harmonics, a resonant response of the biosystem to 
the magnetic field results.  During this period, Blackman and collaborators showed 
that calcium ion effluxes from brain tissue could vary depending on the frequency 
and intensity of alternating electromagnetic field relative to other environmental 
magnetic fields, in particular local geomagnetic fields (Blackman et al, 1985a, 
1985b; Blanchard and Blackman, 1994).  They believed that ambient magnetic 
field differences could explain discrepancies (among different groups) of effects of 
electromagnetic fields on biological systems.   
One highly cited paper examined a broad swath of biological effects (mainly from 
Former Soviet Union research) from MMW radiation, and concluded that many 
reported MMW effects could not be readily explained by temperature changes 
during irradiation.  Their conclusions stress the wide range of responses possible 
from seemingly uniform biological systems, and the implications from their 
findings are that many factors may be operable in determining the biological 
effects of MMW radiation on a specific organism or system, and synergies could 
magnify (or shield) the effects of the EMF (Pakhomov et al, 1998). 
Another highly cited paper concerned absorption spectra for RF radiation, 
concluding that "the fundamental physical nature of the observed resonance 
structure is caused by the internal vibration modes in the macromolecules". 
(Globus et al, 2003) 
 
Cluster 2 (324) 
Theme: Pulsed EMF for bone/fracture healing. 
Highly Cited Documents 
There appears to be general agreement (in the highly cited literature) that EMF 
leads to improved healing of fractures; these EMF applications are all of short 
duration.  The highly cited vintage paper from the 1950s concluded that "The 
origin to piezoelectricity in bone may be ascribed to the piezoelectric effect of the 
crystalline micelle of collagen molecules." (Fukada and Yasuda, 1957) 
Other successful highly-cited EMF-based treatments include: successful treatment 
of 127 ununited fractures of the tibial diaphysis exclusively with pulsing 
electromagnetic fields. (Bassett et al, 1981); demonstration that clinically applied 
PEMF have a reproducible osteogenic effect in vitro and simultaneously induce 
BMP-2 and -4 mRNA transcription, supporting the concept that the two effects are 
related (Bodamyali et al, 1998); demonstration that pulsed electromagnetic fields 
significantly influence healing in 45 tibial shaft fractures with delayed union 
(Sharrard, 1990); demonstration that electrical stimulation promotes the onset of 
motor axon regeneration without increasing its speed (Brushart et al, 2002). 
 
Cluster 4 (263) 
Theme: Gene expression/gene transcription and heat shock protein induction of 
cells exposed to electromagnetic fields. 
Highly Cited Documents 
Induction of heat shock and other stress protein expression by low frequency 
magnetic fields with low energy densities appears to be reflected in all the highly 
cited papers in this cluster.  The range of effects includes: changes in gene 
transcription, suggesting "an important role for magnetic field exposure in altering 
cellular processes." (Phillips et al, 1992); a hypothesis that mobile phone radiation-
induced activation of hsp27 may (i) facilitate the development of brain cancer by 
inhibiting the cytochrome c/caspase-3 apoptotic pathway and (ii) cause an increase 
in blood-brain barrier permeability through stabilization of endothelial cell stress 
fibers (Leszczynski et al, 2002); A study of heat shock stress showed that an 
effective magnetic stimulus evokes responses at an energy density 14 orders of 
magnitude lower than heat shock (Goodman and Blank, 1998); A follow on study 
concluded that the induction of stress gene HSP70 expression by exposure to EM 
fields provides insight into how EM fields interact with cells and tissues (Goodman 
and Blank, 2002); Another HSP study concluded that repeated exposure to mobile 
phone radiation acts as a repetitive stress leading to continuous expression of HSPs 
in exposed cells and tissues, which in turn affects their normal regulation, and 
cancer results (French et al, 2001). 
 
Cluster 10 (511) 
Theme: DNA and immune system damage from cell exposure to EMF. 
Highly Cited Documents 
Results in this cluster were mixed.  Some studies reported definite DNA damage, 
whereas others reported none, albeit with caveats and reservations.  Reports of 
definite DNA damage include: An exposure of rats to a 60 Hz magnetic field 
caused a dose-dependent increase in DNA strand breaks in brain cells, leading to 
the conclusion of  possible health effects of exposure to 60 Hz magnetic fields (Lai 
and Singh, 1997); An exposure of rats to pulsed and continuous-wave 2450-MHz 
radiofrequency electromagnetic radiation resulted in DNA strand breaks in brain 
cells, leading to speculation that these effects could result from a direct effect of 
radiofrequency electromagnetic energy on DNA molecules and/or impairment of 
DNA-damage repair mechanisms in brain cells (Lai and Singh, 1996); Extended 
exposure to RF signals at an average SAR of at least 5.0 W/kg was capable of 
inducing chromosomal damage in human lymphocytes. (Tice et al, 2002); 
Intermittent exposure of human diploid fibroblasts to intermittent ELF-EMF 
resulted in a significant increase of DNA strand break levels, mainly DSBs, as 
compared to non-exposed controls, strongly indicating a genotoxic potential of 
intermittent EMF (Ivancsits et al, 2002).   
The following first two documents were placed in Cluster 11 by the algorithm, but 
are more appropriate for the present cluster: For rats acutely exposed to low-
intensity 2450 MHz microwaves, a dose rate-dependent increase in DNA single-
strand breaks was found in brain cells. (Lai and Singh, 1995); a higher frequency 
of specific chromosome lesions in hamster cells irradiated at 7.7 GHZ suggested 
that microwave radiation causes changes in the synthesis as well as in the structure 
of DNA molecules. (Garaj-Vrhovac et al, 1990); Exposure of human peripheral 
blood lymphocytes to microwaves showed that microwaves are able to cause 
cytogenetic damage in human lymphocytes mainly for both high power density and 
long exposure time (Zotti-Martelli et al, 2000).  Later experiments showed "that 
microwaves are able to induce MN in short-time exposures to medium power 
density fields " (Zotti-Martelli et al, 2005). 
Reports that do not indicate DNA damage, but express caveats, include: A meta-
analysis of studies for EMF genotoxic effects concluded that the preponderance of 
evidence suggests that ELF electric or magnetic fields do not have genotoxic 
potential  (McCann et al, 1998); A meta-analysis of power frequency EMF 
exposure studies concluded that most of the available evidence does not suggest 
that electric and/or magnetic fields cause DNA damage (Murphy et al, 1993); A 
meta-analysis of ELF-EMF exposure studies concluded that no convincing 
evidence currently exists that ELF-EMFs damage DNA either by point mutations, 
gross chromosomal alterations, or micronuclei formation  (Lacy-Hulbert et al, 
1998); A meta-analysis of data from over 100 studies concluded that RFR is not 
directly mutagenic and that adverse effects from exposure of organisms to high 
frequencies and high power intensities of RFR are predominantly the result of 
hyperthermia (Brusick et al, 1998). 
 
Cluster 7 (315) 
Theme: Cancer and embryo development effects on mice exposed to EMF 
Highly Cited Documents 
As in the DNA damage cluster, results in this embryo development cluster are 
mixed.  Some studies report embryo development damage, while others report no 
damage.  While one can understand the possibility of radically different 
conclusions from the (relatively uncontrolled) epidemiology studies, seeing these 
types of divergent conclusions from experiments under relatively controlled 
conditions is more disconcerting.   
Studies reporting damage to embryo development include: Exposure of fertilized 
chicken eggs (10-1000 Hz) revealed the following effects: "Development of 
embryos was reduced to the formation of the three primitive layers. Brain vesicles, 
auditory pit, neural tube, foregut, heart, vessels, and somites were not developed. 
Glycosaminoglycans were almost absent." (Delgado et al, 1982); in chick embryos 
exposed to pulsed magnetic fields, more exposed embryos exhibited structural 
anomalies than did controls (Berman et al, 1990); chick embryos exposed to pulsed 
electromagnetic fields of 100 Hz led to observed malformations, possibly due to 
induced alterations in extracellular glycosaminoglycans (Ubeda et al, 1983); mice 
exposed long-term to pulse-modulated RF fields similar to those used in digital 
mobile telecommunications showed lymphoma risk to be significantly higher in 
the exposed mice than in the controls, with follicular lymphomas being the major 
contributor to the increased tumor incidence (Repacholi et al, 1997). 
Studies that reported no embryo development damage include: Exposure of 
fertilized chicken eggs to pulsed trains of square wave magnetic fields with pulse 
repetition rates of 100 or 1000 showed no differences between exposed, sham-
exposed and control eggs. (Maffeo et al, 1984); Long-term exposure of mice to 
GSM-modulated 898.4 MHz radiation showed "no significant effects when 
compared to sham-irradiated animals." (Utteridge et al, 2002); chronic, low-level 
exposure of mammary-tumor-prone mice to 2450 MHz radiofrequency radiation 
(RFR) "did not affect mammary tumor incidence, latency to tumor onset, tumor 
growth rate, or animal longevity when compared with sham-irradiated controls." 
(Frei et al, 1998). 
 
Cluster 12 (452) 
Theme: Impacts of rat exposures to magnetic fields on melatonin, oxidation, and 
brain function 
Highly Cited Documents 
The highly cited documents in this cluster show an increase in oxidative stress 
from EMF and decrease in melatonin production.  Documents showing an 
oxidative stress increase include: Exposure of rabbits to 900 MHz digital GSM 
mobile telephone radiation showed that serum super-oxide dismutase activity 
increased, and serum nitric oxide levels decreased, indicating "the possible role of 
increased oxidative stress in the pathophysiology of adverse effect of EMR." 
(Irmak et al, 2002); acute exposure of healthy male volunteers to radiofrequency 
fields of commercially available cellular phones led researchers to conclude that 
such exposure "may modulate the oxidative stress of free radicals by enhancing 
lipid peroxidation and reducing the activation of SOD and GSH-Px, which are free 
radical scavengers." (Moustafa et al, 2001); Exposure of rats to 900MHz mobile 
phone radiation showed "Reactive oxygen species may play a role in the 
mechanism that has been proposed to explain the biological side effects of MP 
[mobile phones], and Gb [Ginko Biloba] prevents the MP-induced oxidative stress 
to preserve antioxidant enzymes activity in brain tissue." (Ilhan et al, 2004). 
Highly cited documents showing a melatonin decrease include: Exposure of rats to 
a 50-Hz rotating magnetic field showed a significant decrease of melatonin (Kato 
et al, 1993); exposure of twelve men to a 40Hz magnetic field showed significant 
depression in nocturnal melatonin rise (Karasek et al, 1998); evaluation of cellular 
phone use in two populations of  male utility workers showed that "Prolonged use 
of cellular telephones may lead to reduced melatonin production, and elevated 60-
Hz MF exposures may potentiate the effect." (Burch et al, 2002). 
Documents relating to brain damage include: exposure of rats to GSM mobile 
phone electromagnetic fields showed "highly significant (p < 0.002) evidence for 
neuronal damage in the cortex, hippocampus, and basal ganglia in the brains of 
exposed rats." (Salford et al, 2003); exposure of twelve men to RF EMF similar to 
mobile phones showed "pulse modulation of RF EMF is necessary to induce 
changes in the waking and sleep EEG, and substantiates the notion that pulse 
modulation is crucial for RF EMF-induced alterations in brain physiology." (Huber 
et al, 2005). 
 
Cluster 11 (399) 
Theme: Microwave radiation and heating effects on proteins, cells, and tissues. 
Highly Cited Documents 
The highly cited references in this cluster all showed non-thermal effects of EMF 
on proteins, cells, and tissues.  Most of the highly cited papers in this cluster dealt 
with (relatively small) thermal effects from (mainly) microwave imaging devices.  
A few dealt with non-thermal effects, and the latter are included here. 
Documents describing changes in bacteria/cells include: "Microwave radiation in 
Escherichia coli and Bacillus subtilis cell suspensions resulted in a dramatic 
reduction of the viable counts as well as increases in the amounts of DNA and 
protein released from the cells" (Woo et al, 2000); sublethal microwave radiation 
exposure of Staphylococcus aureus cells led to increased activities of malate and 
alpha-ketoglutarate dehydrogenases, cytochrome oxidase, and cytoplasmic 
adenosine triphosphatase, decreased activity of glucose-6-phosphate 
dehydrogenase, and increased levels of thermonuclease activity (Dreyfuss and 
Chipley, 1980); glucan was shown to be a potent protector against microwave 
radiation-induced lipid peroxidation cell damage in phosphatidylcholine liposomes 
(Babincova et al, 1999). 
The three final documents in this cluster address impacts on protein and human 
blood lymphocytes: exposure to microwave radiation enhanced the aggregation of 
bovine serum albumin and promoted amyloid fibril formation by bovine insulin, 
and was not accompanied by measurable temperature changes (De Pomerai et al, 
2003); microwave radiation caused measurable stress to transgenic nematodes, 
demonstrating clear biological effects of microwave radiation in terms of the 
activation of cellular stress responses (HSP gene induction). (Daniells et al, 1998);  
exposure of enzymes to 10.4 GHz microwave radiation suggested that microwaves 




DISCUSSION AND CONCLUSIONS 
A comprehensive query was developed to retrieve much of the relevant literature 
describing health impacts of EMF, with strong emphasis on the lower frequency 
non-ionizing (radio/microwave and power frequencies) portion of the spectrum.  
This retrieved literature was clustered algorithmically into sixteen biomedical sub-
themes (assigned by the author), and the highly cited papers and references in the 
thirteen most relevant of these sub-themes were analyzed.  Highly cited papers 
were viewed as a potential filter that would allow the literature to be viewed 
through the prism of the most credible science. 
Two of the thirteen relevant clusters addressed the use of EMF for therapeutic 
purposes.  In the EMF range covered by the query, the main focus was alleviating 
joint pain and accelerating healing of bone fractures, with some additional effort 
devoted to treating carcinomas (e.g., hyperthermia).  All the highly cited papers in 
these two clusters showed positive results, with varying degrees of the level of 
impact.  The treatments tended to be relatively short exposures of EMF over 
relatively short periods of time. 
The remaining eleven relevant clusters are divided into two main groups for 
purposes of discussion.  One group could be described as basic science research on 
the interaction of biological systems and organisms with EMF radiation.  The 
second group could be described as epidemiological studies, focused mainly on 
population effects of occupational exposures to EMF, residential exposures to 
EMF, and exposures to EMF from mobile communications.   
a. Basic Science Group 
a1. General Agreement within Clusters 
The first sub-group discussed contains clusters in which there was general 
agreement.  For 'EMF interference with medical devices', the highly cited 
documents cover cell phones mainly, examining many different varieties.  These 
documents indicate that if the cell phones are kept at a reasonable distance from 
the implanted medical device, they will not cause interference.  The documents 
provide specific guidelines for safety.  For other devices, such as acousto-magnetic 
systems, there could be interference problems, depending on frequency and 
intensity of signal. 
For 'cell phone neurological impacts', most documents concluded that EMF 
decreased reaction times and promoted sleep, but one reference noted an increase 
in suicides with EMF exposure.  For 'EMF-induced fields/currents in organisms', 
the most cited references are more along the lines of handbooks and methodology 
articles, with much computer modeling involved.  For 'EMF impacts on calcium 
dynamics', the highly cited articles attempted to explain differences among existing 
studies, rather than generate new experiments with further differences.  Some of 
the articles involved modeling the plasma dynamics of charged particles in 
magnetic fields, where the fields could be superpositions of different external 
fields.  Other articles addressed the allied problem of the wide range of biological 
system parameters that could influence the plasma dynamics.  When one considers 
the different biological ions available (with their different masses and different 
charge-to-mass ratios), the different types of external electromagnetic fields that 
may be super-positioned (with their different frequencies, intensities, orientations, 
and pulse shapes), and the different constraints imposed on the motion of these 
ions by the properties of the surrounding biological materials, many types of 
synergies or antagonisms could be operable.  These field-ion combinations could 
result in multiple types of resonances appearing simultaneously. 
For 'gene expression/hsp induction of cells exposed to EMF', induction of heat 
shock and other stress protein expression by low frequency magnetic fields with 
low energy densities appears to be reflected in all the highly cited papers.  These 
effects can be stimulated by magnetic fields with many orders of magnitude lower 
energy densities than thermal stimuli.  For 'exposure of EMF on rat 
melatonin/oxidation/brain function', the highly cited documents show an increase 
in oxidative stress from EMF, a decrease in melatonin production, and an increase 
in some markers of brain damage.  For 'microwave radiation effects on 
proteins/cells/tissues', the highly cited references all showed non-thermal effects of 
EMF on proteins, cells, and tissues.  Most of the highly cited papers in this cluster 
dealt with (relatively small) thermal effects from (mainly) microwave imaging 
devices.  A few dealt with non-thermal effects, and were included in the analysis.   
a2.  No General Agreement within Clusters 
The second sub-group discussed contains clusters in which there was not general 
agreement.  For 'DNA/immune damage from cell exposure to EMF', results were 
mixed.  Some studies reported definite DNA damage, whereas others reported 
none, albeit with caveats and reservations.  Most of the highly cited reports on 
DNA damage (3/5) were produced by Lai and Singh, and they were very specific.  
The five studies that did not report DNA damage tended to have caveats at the end, 
allowing for the possibility of such damage in the future.  It is unclear to me why 
such glaring discrepancies exist, and this point will be discussed further at the end 
of this section.   
For 'cancer/embryo developmental effects on mice exposed to EMF', as in the 
DNA damage cluster, results in this cluster are mixed.  Some studies report embryo 
development damage, while others report no damage.  While one can understand 
the possibility of radically different conclusions from the (relatively uncontrolled) 
epidemiology studies, seeing these types of divergent conclusions from 
experiments under relatively controlled conditions is more disconcerting. 
b. Epidemiological Studies Group 
The epidemiology studies group included 'cancer risks from EMF exposure' and 
'health risks from magnetic field exposure'.  For 'cancer risks from EMF exposure', 
a larger number of highly cited documents have been included because of its 
importance to the theme of the study.  While the results are mixed, there appears to 
be more agreement that occupational exposures to EMF are associated with 
increased cancer risk than mobile phones are associated with increased cancer risk.  
Within the mobile phone literature, the last clause from the Kundi reference 
paragraph (Kundi et al, 2004) appears to reflect many (not all) from the broad 
range of results: there is evidence for enhanced cancer risk with increasing latency 
and duration of mobile phone use. 
For 'health risks from magnetic field exposure', this is another important cluster 
relative to the study's theme, and a larger number of highly cited documents have 
been included  The focus of the highly cited papers tended to be on associations of 
childhood cancers (mainly leukemia) with magnetic field exposures (power 
frequencies).  The results are mixed, ranging from no statistically significant 
associations to significant associations with relatively high magnetic field 
exposures. 
It is difficult to draw conclusions from these diverse epidemiological studies.  Each 
study tends to be performed by a specific group on a specific population, or sub-
population, typically in the country where a majority of the researchers work.  The 
funding sources for each study, the approaches, the environments, the cultural 
habits, and the objectives may all differ.  Especially in the mobile phone studies, 
most, if not all, of the data are generated by personal recall.  In addition, there are 
phone technologies and phone use habits, along with operational environments, 
that may have changed over time.  Many variables, whose importance cannot be 
discounted without further study (such as sequencing-when was the phone used 
relative to other activities; synergy-what other activities/drugs/foods/toxins were 
being used, etc) were not taken into account.   
Since latencies may be important (especially for cancer causation), but are 
unknown in the absence of long-term laboratory results or epidemiology results, 
long-term surveys may be required.  Many studies did not have a sufficient long-
term cohort to identify the emergence of long-term problems.  Cell phone use has 
been around for decades, but major expansion has taken place in the last decade. 
One problem with the present study's use of highly cited references or highly cited 
papers is that there may be a substantial lag period between when a highly cited 
paper was published and the present.  Especially in the case of cell phones, the 
studies referenced would not have included adequate data where large cohorts of 
long-term users were available for survey purposes.   
To circumvent this lag problem somewhat, a few papers on cell phone 
epidemiology studies published in 2008-2009 and cited highly relative to their 
contemporaries were examined to gather more long-term cohort user data.  There 
was almost general agreement from these more recent studies that either risk was 
increased for brain tumors after ~ten year exposure from continual use (for those 
who had taken such long-term data) or there could be such increased risk for long-
term exposure (for those who were aware of such data).  However, one five-
country study focused on meningioma only, and did not identify an association 
with long term cell phone use.  This latter study does not conflict with other recent 
results on brain tumors; the largest long-term effects from these other studies tend 
to be related to gliomas and acoustic neuromas, rather than meningiomas.  Finally, 
one recent study examined parotid gland tumors, and saw increased association 
with ipsilateral (same side) heavy cell phone use. 
But even these recent surveys do not tell the full story.  Given data gathering, 
analysis, and publishing lag times, the long-term data of interest in these recent 
surveys probably represent technologies and EMF usage patterns reflective of the 
early to mid-1990s.  Since that time, new drugs and pollutants have been 
introduced, new electronic medical diagnostic devices are in operation, electric-
powered cars and cars with more onboard electronics have expanded, offices with 
greater concentrations of electronic equipment operating at different frequencies 
are more prevalent, buildings/schools with internal wireless networks have 
expanded greatly, and mobile communications usage patterns have changed and 
increased substantially.  Many more people have cell phones (requiring a higher 
density of cell phone towers/masts), and the phones have far more diverse 
capabilities, increasing the opportunity for substantially greater usage.  Many more 
children, the most vulnerable age group, have phones, and there are more diverse 
uses for phones with larger attendant social networks.  Since there is evidence, as 
shown in the Introduction, that EMF may be a promoter/sensitizer of adverse (and 
positive) effects as well as an initiator, the effects of these new technologies acting 
synergistically with expanded mobile communication use (and other occupational 
and residential EMF exposures) cannot be discounted.  Thus, new synergies with 
potentially long impact latency periods may be possible, and will not be amenable 
through today's most recent epidemiological studies. 
Two near/mid-term steps are recommended to address some of these short-
comings, a retro-active and pro-active component.  For the retro-active component, 
disagreements in the critical data identified above need to be resolved.  Two 
approaches are recommended.  A Science Court (Kantrowitz, 1967) should be 
convened for each major thrust area identified above in which major disagreements 
exist.  This approach was modeled after legal procedures for dispute resolution, 
and was applied successfully by the present author to select among alternative 
magnetic fusion concepts in 1977 (DOE, 1978). It would be most appropriate for 
the present application.  The second approach would select major areas of 
disagreement where strong adverse effects have been shown or predicted by the 
proponents.  These studies, focused on the conditions that produced these adverse 
effects, would be re-done with multiple performers representing diverse viewpoints 
participating.  The study criteria would match objectives, methodology, and 
operational environment as closely as possible.  Any differences in results could be 
examined on a uniform basis. 
Second, for the pro-active component, lab studies emphasizing EMF sources 
operating in concert with new potential synergy technologies should be initiated.  
Given the history of this research, multiple groups with diverse histories should be 
funded to address a given problem uniformly, as above.  There are obviously 
severe limitations with this second recommendation.  The extrapolation from 
relatively pristine lab animal-based results (with only a few parameters varied even 
in synergistic studies) to human beings operating in a complex multi-parameter 
world is not necessarily clear.  Even if adverse (or positive) effects are not shown 
in the lab, this does not mean they will not occur in the real world.  Nonetheless, 
given that the EMF genie is out of the bottle, this band-aid catch-up approach is 
probably the best that can be accomplished. 
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APPENDIX 1 - QUERY USED FOR INFORMATION RETRIEVAL 
The query is the intersection of the EMF terms below and hundreds of specific and 
general biomedical terms (e.g., DNA, wound healing, behavioral effects, thyroid, 
cancer, etc), restricted to biomedical SCI Subject Areas. 
(EMF OR "ELECTROMAGNETIC FIELD*" OR "RADIO-FREQUENCY 
RADIATION" OR "RADIO-FREQUENCY IRRADIATION" OR "RF-
RADIATION" OR "RF-IRRADIATION" OR "MICROWAVE RADIATION" OR 
"MICROWAVE IRRADIATION" OR "MOBILE PHONE*" OR "CELL* 
PHONE*" OR "WIRELESS PHONE*" OR "CORDLESS PHONE*" OR 
"MOBILE TELEPHONE*" OR "CELLULAR TELEPHONE*" OR "WIRELESS 
TELEPHONE*" OR "CORDLESS TELEPHONE*" OR "BASE STATION*" OR 
"RF-TRANSMISSION TOWER*" OR (("MAGNETIC FIELD*" OR "ELECTRIC 
FIELD*") AND ("POWER LINE*" OR "LOW FREQUENCY" OR "POWER 
FREQUENCY" OR "INTERMEDIATE FREQUENCY" OR "TRANSMISSION 
LINE*" OR "ELECTRIC POWER TRANSMISSION")))  
 
